Introduction
Corn rootworms have been, and in many cases still can be, managed with crop rotations. However, some populations of both northern and western corn rootworms (CRWs) have adapted to the com-soybean rotation. Regular, annual rotations between corn and soybeans have selected for a variant of the northern CRW that has a two-year life cycle, referred to as extended diapause. Female northern CRWs deposit eggs in the soil within cornfields. When the field is rotated to soybean the next year, most eggs hatch and the larvae starve. However, a portion of the eggs remain dormant in the soil for a second winter and do not hatch until the following spring when corn is planted back into the field resulting in damage to the rotated corn. Extended-diapause northern CRWs originally caused severe injury to rotated corn in NW Iowa, SW Minnesota, SE South Dakota, and NE Nebraska during the late 1980s. Since then their range has expanded until it is now found throughout most of Iowa. South Dakota has estimated that nearly SO% of their northern CRWs are the extended-diapause variant.
The western CRW that has adapted to the rotation is referred to as the "variant western CRW" or the "eastern variant of the western CRW" It can most properly be called the "rotation-resistant western CRW" The western CRW adapted to crop rotation through a change in its egg-laying behavior. The female deposits eggs in the soil of both corn and soybean fields . The following year, crops are rotated; soybeans planted to corn and corn planted to soybeans. Larvae from those eggs that were laid in corn starve because their only food source is soybeans. Larvae from those eggs that were laid in soybeans are able to survive because corn has been planted after beans; causing injury and yield loss to the rotated corn. The rotation-resistant western CRW first caused severe damage to rotated corn in east-central Illinois during 1995. Since then its range has been expanding into western Ohio, southern Michigan and Wisconsin, and west to Iowa. The presence of rotation-resistant western CRWs in eastern Iowa was documented in 1999 from NE Iowa and 2005 in east-centraliowa (data presented at the 2005 ICM conference) .
With the spread of rotation-resistant CRWs and their increased abundance, three questions are being asked with increasing frequency:
• Is the northern CRW laying eggs in soybeans like the rotation-resistant western CRW7
• Is the range of the extended-diapause northern CRW expanding?
• How extensive is the distribution of the rotation-resistant western CRW in Iowa?
To address these questions, studies were conducted during the 2006 growing season; one to test for egg laying by northern CRWs in soybean and the other to measure the extent of rotationresistant western and extended-diapause northern CRWs in Iowa.
Methods

Northern Corn Rootworm Activity in Soybeans:
Studies were conducted at nine locations ( Figure 1 • 
Emergence traps
12 Illinois-style emergence cages (Fig. 2) were placed in cornfields that had previously not been planted to corn for at least three years. The longer the field had been out of corn production, the less likely any adults found could be extended-diapause northern CRWs. We identified eight fields that fit this criterion and also included one field that had only been out of corn production for two years (number 6 above) because high numbers of northern CRW adults were seen there in 2005. The other eight fields were soybean for at least three years prior or had been alfalfa for a number of years, then soybean before being planted to corn in 2006.
Soil samples
In a nearby soybean field (corn in 2005), 15 half liter soil samples were collected with a 10 em diameter golf-cup cutter from each field using the "normal core method" described by Foster et al. 1979 . Eggs were extracted from the soil by washing and floating methods (Shaw et al. 1976) . Eggs were counted and identified to species (Krysan 1986 ). The 15 sample locations were spread out in a stratified random, U-shaped pattern covering as much of the field as possible. Samples were collected at three times: l) early May, before egg hatch, to quantify eggs laid in corn in 2005, 2) late june, after "normal" egg hatch, to estimate extended diapause, and 3) late September, after 2006 eggs laid, to determine if eggs were laid in the soybeans.
Sticky traps
Following the University of Illinois protocol (Cook et al. 2005) , 12 Pherocon-AM sticky traps were placed in each soybean field. Traps were changed weekly from the last week in july to the third week in August. The average number of beetles caught per trap per day was calculated. Northern CRW captures on the sticky traps used in the western CRW monitoring program in eastern Iowa (described below) were combined with this data set.
Abundance of Rotation-Resistant Western and Northern CRW:
There were two components to the monitoring project:
(l) EMERGENCE CAGES: placed in first-year cornfields (previously soybean)
(2) STICKY TRAPS: placed in nearby soybean fields to monitor adult rootworm activity
Emergence cages
Six to twelve Iowa-style emergence cages ( Fig. 2) were placed in 20 first-year, cornfields that did not contain rootworm Bt corn (previously soybean) in 14 Iowa Counties (Fig. 1, •) . The western CRW captures from the nine cornfields in the northern CRW project (Fig. 1, • ) also were used to look for the presence of rotation-resistant western CRWs (12 Illinois-style cages in each field in 9 Iowa counties, Figs. 1 & 2). Traps were placed in the fields between the first and third week in July and monitored weekly through August. The mean number of beetles captured per cage was calculated for each field.
Sticky traps
Great Lakes IPM CRW yellow sticky traps (not Pherocon AM sticky traps) were placed in a nearby soybean field at each of the 20 locations ( Fig. 1, • ) . The nine sticky-trap locations in the northern CRW project also were monitored for western CRW using the Pherocon AM sticky trap. Following the University of Illinois protocol (Cook et al. 2005) , 12 sticky traps per field were positioned at the top of the bean canopy and changed weekly from the last week in july to the third week in August. The average number of beetles caught per trap per day was calculated. The economic threshold is an average of 3-5 beetles/trap/day during the 4-week period of maximum abundance (Cook et al. 2005) . During the study, it became apparent that the IPM CRW and Pherocon AM cards were not equivalent. A small side-by-side comparison study was conducted at the field location near Low Moor (Clinton Co.) to get an estimate of the difference between the two traps. Twelve traps of each type were placed side-by-side randomly throughout the field and checked after one week. (A) Iowa-style emergence cage : corn plant was cut at ground level, (B) Illinois-style emergence cage : corn plant is cut here to show the structure of the cage; however, for this project, the plant was allowed to continue to grow through the cage .
Results
Northern Corn Rootworm Activity in Soybean:
Emergence traps
The number of northern CRWs that emerged from corn planted after at least three years of non-corn was very low (Fig. 3) . No beetles emerged in three fields and four fields had the equivalent of 2-3 beetles emerging per 12 cages. Two of the fields, Webster and Cass counties, had markedly more beetles. The Webster county field had been soybeans for the past two years but prior to that, corn in 2003. The surviving rootworms could have had a 3-yr life cycle (meaning they were laid in corn in 2003 and had not hatched until 2006). The Cass county field had been in soybeans for three years prior to corn, but was only a small (l acre) field suggesting potential for edge effects. 
Soil samples
May and june sampling data are displayed in Figure 4 . Based on the june samples, extended diapause in northern CRW populations varied from 20-64%. This proportion is higher than expected (33%) in central and western Iowa; however, September samples (still being processed) are needed to verify these numbers. The ratio of northern to western CRW eggs in soybeans following corn was dramatically skewed toward northerns (53-99% were northerns depending on the field). The species that dominates in this ratio varies over years and the cycling is probably related to the impact of the environment on survival of the eggs and larvae in the soil. If we see a significant increase in eggs per sample from our june samples to our September samples this will be strong evidence of egg laying in soybeans. Some research has shown that 7-10 CRW eggs per half liter of soil may result in an economic infestation. Therefore, if corn is planted in the Butler county field in 2007, the grower may want to consider protecting it from CRW (September soil samples will help confirm this).
Sticky traps
Northern CRWs were captured on sticky traps in 23 of the 29 soybean fields , but trap catches were very low. We do not know whether the threshold set for western CRW captured in soybean fields (3-5 beetles per sticky card per day, Cook et al. 2005 ) is valid for northern CRWs; however, all fields were at least 5 fold or more below this economic threshold. 
Emergence traps
Rotation-resistance western CRWs emerged from 21 of the 29 fields (Fig. 5 ) and extendeddiapause northern CRWs emerged from all 20 of the fields in the rotation-resistant abundance study. Two fields, Low Moor (Clinton Co.) and Walcott (Scott Co.) had western CRW emergence greater than 20 beetles per cage (Table 1) . These levels would be expected to cause significant injury to the com. Therefore, root ratings were taken on 16 roots at or near each of these sites (0-3 Node-Injury Scale, Oleson et al. 2005) . The Low Moor field was sampled and a field near the Walcott site (Dixon site in Scott Co., average of 16.8 beetles/cage) was sampled because the Walcott site could not be used (experimental plot). The average root rating in both fields showed very low to no injury (Table 1 ). All but two fields Vinton (Benton Co.) and Walcott (Scott Co.) had fewer than 5 northern CRW beetles emerging per cage on average (Table l) . It is uncertain whether these levels of extended-diapause northern CRWs are likely to cause significant injury.
Sticky traps
Prior to this study, we did not expect to see a difference between Pherocon AM and IPM CRW sticky traps, both sold by Great Lakes IPM. However, in the field, we observed CRWs walking off the glue surface of the CRW IPM traps. Realizing these traps may not capture equal numbers of beetles, a small side-by-side study was done to compare them. The Pherocon AM trap , on average, captured 4.3 times more beetles than the IPM CRW trap . With this adjustment made (captures using IPM CRW traps multiplied by 4.3), one field in Clinton county (near Low Moor) and one in Scott Country (near Walcott) , had sufficient western CRWs in the soybean field (3-5 beetles per trap per day) to warrant a recommendation that rootworm management be applied to the field if corn is planted there in 2007 (Table 1 , highlighted cells). 
Bottom Line
Northern Corn Rootworm Activity in Soybean:
• The number of northern CRWs emerging from corn previously in an extended non-corn rotation was low. In the two fields with the highest numbers (Webster and Cass Co.), the beetles caught could have been extended-extended diapause (3-yr life cycle) or the result of edge effects (spillover from nearby corn), respectively.
• The soybean fields were not visited in 2005 so it is not known if volunteer corn or grassy weeds were present that might have served as egg-laying sites.
• The proportion of northern CRW eggs that were extended diapause appears to be slightly higher than expected (20-64%); September samples will be needed to confirm this.
• Some research has shown that 7-10 CRW eggs per half liter of soil may result in an economic infestation. Therefore, if corn is planted in the Butler county field in 2007, the grower may want to consider protecting it from CRW (again, September soil samples will help confirm this).
• Although northern CRW were captured on most sticky traps in soybean fields, captures were very low (at least 5 fold below the economic threshold for western CRWs, 3-5 beetles per sticky card per day, Cook et al. 2005 ).
• So far our research has shown very little evidence of northern CRWs laying eggs in soybean; however, further study is needed.
Abundance of Rotation-Resistant Western and Northern CRW:
• As in 2005, rotation-resistant western were found throughout the eastern part of the state as well as one central Iowa location (Boone Co.) . The field in Boone Co. is a small experimental plot (3,300 ft 2 ); therefore it is possible these beetles were the result of edge effects or spillover of egg laying from nearby corn plots.
• Two fields , Low Moor (Clinton Co.) and Walcott (Scott Co.) had high western CRW emergence (> 20 beetles per cage) and high sticky-trap captures in nearby soybean fields (3 . 7 and 6.0 beetles/trap/day, respectively). These levels warrant a recommendation that rootworm management be applied if corn is planted in 2007.
• Scott and Clinton counties appear to be the focus of the infestation of the rotation-resistant western CRW in Iowa (fields in these counties have reached economic levels) .
• As in 2005, extended-diapause northern CRWs were found throughout the eastern part of the state and are basically present at some level throughout the state of Iowa.
Recommendations
• Soybean fields in east-central Iowa should be monitored for the presence of the western CRWs with Pherocon AM sticky traps from late july through August.
• If the number of beetles caught in soybeans exceeds 3-5 beetles/trap/day and corn is planted in the field the following year, CRW protection should be applied.
• Northern CRW emergence from all fields documents that the extended-diapause northern CRW is present throughout eastern Iowa. We are not able to predict economic numbers of northerns, but if corn lodged in 2006 and there was root injury, corn should be protected from rootworms in 2008 when it is rotated back into the field.
